High-yielding cows may suffer from negative energy balance during early lactation, 14 which can lead to ketosis and delayed ability of returning to cyclicity after calving. Fast 15 recovery after calving is essential when breeding for improved fertility. Traditionally 16 used fertility traits, such as the interval from calving to first insemination (CFI), have 17 low heritabilities and are highly influenced by management decisions. Herd 18 Navigator™ management program samples and analyses milk progesterone and β-19 hydroxybutyrate (BHB) automatically during milking. In this study, the genetic 20 parameters of endocrine fertility traits (measured from milk progesterone) and 21 hyperketonemia (measured from milk BHB) in early lactation were evaluated and 22 2 compared with traditional fertility traits (CFI, interval from calving to the last 23 insemination and interval from first to last insemination) and the milk yield in red dairy 24 cattle herds in Finland. Data included observations from 14 farms from 2014 to 2017.
Implications
Introduction 59 Good fertility is an important determinant of dairy production efficiency. Nordic total 60 merit (NTM) aims for healthy, fertile, well producing and long-lasting cows (NAV, 2018) . 61 For red dairy cattle (RDC), the relative weight for yield represents currently about 33% 62 of the total merit. The correlation between yield index and NTM is 0.63, while the 63 correlation between fertility index and NTM is 0.22. Hence considerably greater genetic 64 response can be expected on production traits. Many previous studies have shown an 7 Insemination and pedigree data for the 14 HN farms studied were provided by Faba 148 Coop (Vantaa, Finland) . Three traditional fertility traits were analyzed, the interval 149 (days) from calving to the first insemination (CFI, restricted to ≤230 days), interval 150 (days) from calving to the last insemination (CLI, restricted to ≤365 days) and interval 151 (days) from first to last insemination (IFL). Two different datasets with different trait 152 groups were created, first dataset included CFH and traditional fertility traits (CFI, CLI, 153 IFL) and second dataset had observations for CFH, C-LA, milk yield (5 to 70 days 154 postpartum) and two ketosis traits derived from smoothed BHB values (5 to 60 days 155 postpartum).
157
For first parity cows, smoothed BHB values, based on prior measurements, between 158 5 and 60 days postpartum were used in the analysis. Cows (16 animals) with less than 159 4 BHB records were removed after which total of 16 851 observations from 794 first 160 parity cows remained. The mean number of observations were 21.2 (range 4-55). Two 161 BHB traits were defined which divided observations into three levels (0/1/2) with slightly 162 different BHB thresholds (ket_s1 and ket_s2) to describe the cows' hyperketonemia 163 status. In ket_s1 the value "negative" implied that milk BHB <0.10 mmol/l; animals with 164 0.10≤ milk BHB <0.20 mmol/l were "suspect" and animals with milk BHB ≥0.20 mmol/l 165 were "positive". Thresholds used for ket_s2 were: negative (milk BHB <0.15 mmol/l), 166 suspect (0.15≤ milk BHB <0.20 mmol/l) or positive (milk BHB ≥0.20 mmol/l). These 167 thresholds were chosen based on the previous studies where BHB values between 168 0.10 and 0.20 mmol/l have been used (e.g. Denis-Robichaud et al., 2014; Koeck et al., 169 2014) . Leblanc (2010) suggested that if individual cows are inspected instead of group-170 level monitoring 0.20 mmol/l threshold should be used, therefore also binary trait (0/1 171 trait: ketosis_b) with a threshold of 0.20 mmol/l was studied. Only one, highest, estimates for the logit model were calculated using the correction of the residual 226 variance by π 2 /3, which is the variance of standard logistic distribution.
228

Results
229
The means for traditional fertility traits and CFH increased together with the parity 230 ( trait classes are shown in Table 3 .
238
Heritability estimates, analysed with univariate models, for traditional fertility traits were 239 low and varied between 0.03 and 0.07 in first parity cows (Table 4 ). The heritability 240 estimates for endocrine fertility traits were higher ( Linear model heritability estimates for ket_s1 and ket_s2 varied between 0.07 and 0.10 248 and were quite similar in univariate and multivariate analysis ( Table 5 ). The heritability 249 estimates for other hyperketonemia traits were also low ( phenotypic correlation being 0.92 (Table 7) . The unfavorable moderate genetic 260 correlations were found between 5 to 70 days postpartum milk yield and endocrine 261 fertility traits (Table 7) . Genetic correlations between ket_s1 and endocrine fertility 262 traits (CFH, C-LA) were small, negative and had high standard errors (Table 7) .
263
Unfavorable and quite high genetic correlation was found between ket_s1 and 264 postpartum milk yield, however the estimate had a high standard error (0.59±0.39).
265
Correlations for ket_s2 with endocrine fertility traits and milk yield were similar than for 266 ket_s1. The overall mean for C-LA in first parity cows was 39.9 days which is close to one Bullman and Lamming (1978) also likely that with production information included the multi-trait models were better 300 able to model the herd-year effects.
301
However, the magnitudes of the estimates are in line with previous studies where 302 heritability estimates from 0.12 to 0.30 have been reported for endocrine fertility traits 303 (e.g. Royal et al., 2002; Petersson et al., 2007; Tenghe et al., 2015) . previous studies, however the standard error for this estimate was very high. In 360 previous studies genetic correlations between 0.35 and 0.37 have been found among 361 C-LA and CFI, however many of these estimates had high standard errors as well (e.g.
362
Nyman et al., 2014; Tenghe et al., 2015) . Positive genetic correlations indicate that 363 selection for shorter C-LA will also reduce the interval for CFI. On the contrary, Royal reported between CFI and the milk yield (e.g. Hoekstra et al., 1994; Tenghe et al., 373 2015) . In addition, also unfavorable genetic correlations (0.18-0.45) between milk lnC-
374
LA and milk yield have been reported (Royal et al., 2002; Nyman et al., 2014 
